l each of 10 pM concentrations of forward and reverse primers, 9.5 l sterile deionized water, and 1 l DNA template, for a total volume of 25 l. The temperature cycling program used was modified slightly from that of Bourne and Munn (6) by adding an initial hot start and was as follows: 1 cycle of 95°C for 15 min; 30 cycles of 95°C for 1 min, 54°C for 1 min, and 72°C for 2 min; and a final extension of 72°C for 10 min.
DNA extracted from the six coral samples was separately amplified using 8F/1492R and cloned, creating six clone libraries. Because the sequencing of the first clone library (Tut2) revealed coral DNA amplification, none of the other five libraries were sequenced. DNA amplified from the coral samples was purified using the QIAquick PCR purification kit (Qiagen, Valencia, CA) and cloned using the Qiagen PCR cloning plus kit, in accordance with the manufacturer's protocols. The rRNA genes were amplified from the clones using M13/pUC forward and reverse primers, and PCR products were visualized through electrophoresis on a 1% agarose gel with ethidium bromide added directly to the gel for a final concentration of 10 Ϫ7 g/ml. Clones with correctly sized vectors (ca. 1.5 kbp) were sequenced unidirectionally using the forward primer by Northwoods DNA, Inc. (Solway, MN). Sequence files were quality scored and edited using phred (12, 13 ) and Greengenes (10) and compared to the GenBank nucleotide database using the Basic Local Alignment Search Tool (BLAST) (1) .
DNA from 101 clones amplified by the putative "Bacteriaspecific" primer sets were sequenced, and 100 were most similar to cnidarian 18S rRNA genes and not to bacterial 16S rRNA genes. The most similar sequence for 100 clones (E value of 0; 97% similarity; percent query identity ranging from 95 to 100%) was an 18S rRNA gene of Javania insignis (Duncan 1876) (GenBank accession number AJ133555) (36) , an Indo-Pacific stony coral, and the top five matches for all 100 clones were scleractinian corals ( Table 2) . No match to P. damicornis was found because the full 18S rRNA gene has not yet been archived in GenBank. The one sequence that was not matched with coral rRNA genes was most closely related to Symbiodinium sp. rRNA genes from P. damicornis tissue (GenBank accession number AY051091).
Upon closer inspection of the J. insignis 18S rRNA gene, areas of sequence homology with the bacterial primers 8F and 27F (12 of 20 primer base pairs matched) and the universal primer 1492R (17 of 19 primer base pairs matched) were found ( Fig. 1) . The sequences aligned on the 3Ј ends of both 8F and 27F, which would lead to amplification. The primer combinations resulted in a coral amplicon that was approximately 1.5 kbp long (Fig. 2, lane 4) , the same length expected for the bacterial amplicon. Because of the similarity in amplicon sizes (roughly a 200-bp difference), it would be difficult to separate the coral and bacterial DNA by gel extraction.
To circumvent this problem, alternate primer sets were investigated, using the same PCR conditions and sequencing reactions described above. The use of Bacteria-specific primer 63F (23) and universal primer 1542R (24) DNA was low, with only 7 of 21 bp matching in 63F and 7 of 20 bp matching in 1542R (Fig. 1 ). With such low binding strength, limited coral DNA amplification was expected. In addition, any coral 18S rRNA gene that was amplified would result in an amplicon length of 0.6 kbp, whereas bacterial 16S rRNA genes would have an amplicon length of 1.5 kbp. Test results indicated that during PCR, coral rRNA genes were amplified and appeared as a distinct band on the gel (Fig. 2,  lane 3 ). This clear separation between coral and bacterial DNA allowed the isolation of the bacterial rRNA genes for further analysis. GenBank matches are summarized for the 251 clones from three samples in Table 3 . Although the primer combination of 63F/1542R was necessary to separate coral from bacterial rRNA genes in this experiment, these primers should be used with caution. Marchesi et al. developed 63F due to the failure of standard primers in amplifying environmental samples (23) . Early tests showed that 63F exhibited a bias in the species of bacteria amplified, but overall, it worked better than 27F in amplifying bacterial 16S rRNA genes in environmental samples. However, Sipos et al. found that a significant bias was introduced into amplifications of mixed cultures when annealing temperatures (T a ) above 52°C were used (32): bacterial species with rRNA genes that matched 63F exactly were preferentially amplified over those with three mismatches at the 5Ј end of the primer. If the mismatched bacterial 16S rRNA gene sequences had a relative abundance of less than 1:10 in the original sample, no PCR product could be detected. This result showed that important bacterial community members may go undetected as a result of a slight primer mismatch. To address this problem, Sipos et al. suggested keeping the T a below 50°C. Reducing T a to the appropriate levels lowered the amplification bias of 63F to almost undetectable amounts.
The specific melting temperatures (T m ) of all primers used in this study can be found in Table 1 and were determined using the T m calculations for oligonucleotides (Promega biomath calculator). Common primer design and use protocols indicate that the T a used during thermocycling should be at least 5°C lower than the T m for optimal primer hybridization (17): for 8F/1492R, the T a should be 47°C, and for 63F/1542R, the T a should be 49°C. The actual T a used in this experiment was 54°C, decreasing the likelihood of primer attachment. Rohwer et al. used a T a of 62°C, which should lead to extremely specific binding of the primers to template DNA (29, 30) . When the 62°C T a was applied to our samples, the "coral band" seen in the 63F/1542R amplification disappeared, indicating that coral DNA amplification was largely reduced or eliminated. Attempts to amplify the extractions using 8F/ 1492R and a touch-down PCR protocol (65°C T a , 0.5°C decrease every cycle) (F. Rohwer, personal communication) were unsuccessful, while faint amplification was detected using 63F/ 1542R.
Amplification of eukaryotic DNA using Bacteria-specific primers has previously been reported for systems other than the coral holobiont (22) . Lopez et al. found that several common primer sets used for testing bacterial populations in wine also amplified yeast, fungal, and plant DNA in a mixed-DNA extraction (22) . As suggested by Ben-Dov et al., periodic reassessments of common primers should be done because many primers were developed at a time when genetic databases were less comprehensive (4) .
Based on T m calculations, it is apparent why previous studies (29, 30) using primers 8F and 1492R to amplify 16S rRNA genes from coral tissue did not result in PCR products of 18S rRNA genes: high T a lead to extremely specific primer attachments, greatly reducing the probability that coral DNA would be amplified. However, caution must be used when determining the ideal T a for use in thermocycling protocols. Since extremely high T a lead to highly specific primer bindings, potentially valuable bacterial community members may be excluded from amplification because of several base pair mismatches to the primer. To combat this problem, Frank et al. suggested using a combination of several slight variations of the forward primer 27F to amplify the true bacterial community ratios more accurately (15) . Increasing the diversity of forward primers may increase the diversity of the 16S rRNA gene sequences that are amplified. In order to fully comprehend the multitude of interactions in the coral holobiont, the complete range of bacterial species present in samples must be analyzed. Balance between primer specificity and the potentially mismatched novel bacterial sequences must be found.
Nucleotide sequence accession numbers. The consensus sequence from the 100 coral DNA clones and the Symbiodinium sequence were submitted to GenBank under accession numbers EU921668 and EU921669, and the bacterial DNA sequences obtained using 63F/1542R have been archived in GenBank under accession numbers FJ015063 to FJ015091.
Any use of trade names is for descriptive purposes only and does not imply endorsement by the U.S. Government.
